
yJUN-18-01 06:24 From:LANL AOT-1 50 5 6 6 5 2 B 114 T-907 P.031'05 J o b 6 9 2  

BEAM-DISTRIBUTION WSTEM FOR MULTI-AXIS IMAGING A 
ADVANCED HYDROTEST FACIL:ITY* 

Andrew J, Jason, David €3. Barlow, Barbara Blind, John P. Kelley, Walter P, Lysenko, C. Thomas 
Mottershead, Filippo Neri, Peter I.,. Walstrom., Joseph Waynert, Los Alamos National Laboratory, 

Los Almos, NM 87545 
Martin Schulze, General Atomics Corporation, Los Alamos, 'KIM 87544 

Abstract 
The Advanced Hydrotest Faciliry i s  to provide a time 
srquenos of multiple radio&raphie images using a proton 
beam produced by P SO-BeV synchroucin. We give an 
overview of the approaches devised to produce up to 
twelve simultaneous radiographic images. of an object by 
a eequence of beam-ttaneport linoe, The reqwind 
distribution system has undergone o parametric study that 
optimizes ita oonfiguration within operational constraints, 
These constraints and our apptoach to configuration 
optimization for both fupeoconductin;!l and normal- 
cmducting wansport liner NU described, Additionally, "e 
describe the optics stratageme that were devised to m e t  
syr;tem requirements. 

1 INTRODUCTION 
The AHF ia planned as an irnportmnr part of the US. 

Stockpile Stewardship Propam to :perform proton 
radiography', Le., the obsmwation of fast cvsncs by 
illumination with protons that are subsequently focused to 
provide an image of the events. In add:ition to a spatial 
image, the lens system provides an angul.ar image, which 
allows dotormination of tho momrials hvolvcd in tho 
even t2. 

1. 1 Radiography Requirements on !he Trampott 
System 

In order to obtain B tomographic fixonstruction of 
events, v i e w  from several directions ails needed. The 
number of viswp desired is determined by the required 
resolution, assumptions about symmetry, ana a pn'ari 
knowludga of the events under observatiion. At present, 
up to 12 vlews hes been specifled, requiting 12 beamlihes 
converging 011 M interaction region,, close to the 
maximum number pracrlcal. 

Obtaining information on the time evdution of events 
requires several frames sepwated by from about 200 ns to 
several p. A mixture of such fkaming sequences m y  be 
ddirable for certain applications. Although pulse ponerns 
do not originate with the transport linos, such riming 

~ Considerations affect the bcamline configuration and 
switching dwiccs. A cycle rate of abcivo 25 s mainly 

power. 
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The transport cenifigulration ia also strongly influenced 
by the required beam energy, which he8 been specified st 
SO aeV. This choice of energy is e compromise beiwew 
incruased imaging rerolution with energy and cooat I ~ F  
implementation, Since bending radii and quadrupa IB 
swpgths rye proportional ta particle momentur 3. 
tmnsport-system size and cost become awkward qt 
energies muoh above SO GeV. 

An additional requbment of 3x10'' partictes/cycte at 
an eetimW4 10' cyclae/yew dftmte beam trmepor0 in that  
the fracdonal beam toss should not result in substantial 
activation Qf the trainsport-line components. Beamlin :a 
aperture and a1ignme:nt choices adjust such loss as doi!m 
choioa of diagnastio cromplernent. The peak ourrent in tl irp 
trmsporr lines carrr:sponding to the 3x 10" pnrticle s, 
divided among ssvard pulaee, does not mrult I) 

significant space-chgfge effwts, 
Other mquirametw place carnplementluy or addition sl 

constraints on other of the AHP systems; we montiron on y 
those that bear on the transport system. 

1.2 Selected Transpart Ccmfiguration 
An extensive Dtudy has bmn made to &rive at ii 

trampcifi configuration t4at minimizes cost, effoil, 
schedule and power while fulillling radiograph io 
requirements. The tmnsport configurarion selmted i:s 
shown in Fig. 1 aloml: with a cancaptual sketch of a linao, 
boogter Synchromn, i d  SO-GcV synchrown. 
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In the site-independent vtmion shown in Fig, 1, a 200- 
MeV linac injects 1.5~16'~ H ions into a, 3-0eV boaster, 
An alternative for Lo6 AlamO6 siting usm the LANSCE 
linac to injeot an 800-MeV chopped beam into P suitably 
configured booster. Each booster cycle injects a single 
bunch into n harmbnic-34 synchrotron to -produce 20 short 
(20-ns) bunches that we extracted at will inro the transport 
system. As it  progresses through the Irariaport line, beam 
is tut into 12 equal parts by a series of splitters. Eaah pprr 
then converges on the objact of intetesl, labeled Firing 
Point 2 in Fig. 1, with all p m  arriving simultaneously (to 
within I5 ns). Altamalivvely, just afwr estraction rhe 
synchrotron beam pulse CWI be dirercted tci Firing Point 1. 

2 TRANSPORT LATTICE 
A r&ent ntudy has gath~fed rqdrernents and pfopostd 

a number of options that ware than detailed and the apticri 
tradeaffg evahatad. Ilr pattichr, emphasis has been tlii 
minimizing power cmsurnptian. and cost. Power is ii 
s p i a l  issue in both capitan and operating costs since tlui 
peak power of the ewlier designs (up to 180 MW) wou . t i  
reqclire extensive mcdificalions to the power grid and/or 
large energy-storage: means. Hence, superconductit 11g 
rnagnem wme considered and aonfigurations with aptim a l  
routing for fewer magnets and shorter bcamlincs we 13 

studied. Figure 2 sht~ws frsur ebawrnan designs that wew 
salected from a continuum of possible vdations as tlir: 
bent of their type- 

1 bl 

A. Normal-conduciing synchronous. 
*w 

B. Superconducting synchronous. 

C, Notmal-conducting non-synchroncius, with 90Q-ns 
time diffetoodae betwem outer and inmr lines. 

D. Superconducting n,on-synchonous with 700-ns 
time difference between outer and inner lines, 

Piguse 2, The four baseline design$ chostin fer further analysis. All have been selected for minimum cost for their typ: 
within given constraints, The superconducting versions use superconducting magnlets only in the pariadielattice bend1 I. 
Tht normd-conducting synchronous configuration was chosen as the project baseline as shown in Fig. I ,  



The beam-transpon systems am composed of three 
basic modules: bend wcs, splitters, and Ixidges between 
the arcs and splitters. For the normal-conducting lattice, 
the bend arcs are periodic sh’ucturea with an 8.85-m unit 
cell, each cell bending 3,75’. The splithi‘$ we 41-m-long 
assemblies that use an electrostatic sepwrn and several 
septum and dipole magnets 16 separate the split beams. 
Bridging through the long straight seclions containing 
splitters is done by expanding the beim and drifting 
through a nominal 86 meterr between feci,isine stations. 

The four systems shown havu entimaled cost ratios 
tVB/C/D of 1.010,84/0.83/0,74 (with system A costing 
about 255 M$) including tunnel, powiw supplies and 
cryosystemn but excluding other balance-of-plant 
faciliriev such as water supply and primary power. 
Exte sive efforrs in magner design havr!: minimized the 
pow r of the bend-cell magnets so that tht2 peak powers of 

configwatiom (*%I MW) are leas 
than a factor of two greater than for tne suptconducting 
desi ns. Because of the need for cryoge’nic systems, h e  
aver ge power is less for the normal-conduccing systems. 
Th non-synchronous configurations wquire complex 

simultaneously. Since the time diffeteirce between the 
outefl and inner lines is fixed by con$&rrcdon. the pulse 
pattetn cannot be easily varied for a given tine 
codfdrmation. Hence, venatility to varyinl: experimental 
requirements is preempted for non-synchronous systems. 
Therefore synchronous systems are chosen for the ptojcct 
baseline. 

The normal-conducting systems occup:~( a factat of two 
larger footprint than the superconducting systems and are 
judged motc cxpcnniva. However. the no mal-conducting 
systems are technologically simplor ancl do not require 
magner development. Additionally, supercooducting 
magners are susceptible to quenching by Ihe (-1%) of the 
beam scattered by the splitters and require grstater 
alignment accuracy, Since there is perceived technical 
risk and nb advantage in atlining high radiographic 
performwe with superconducting tranriport systems, a 
downselect to the normal-conducting synchronous 
transport has been made. 

the normahconducting 1 
PUIS c: -transfer timing so that dl beams w i v e  at the objGct 

3 LENS SYSTEMS 
The lens systems impinge the 12 tteams from the 

rnrnrpbn lines on the obJecr and focus thl3 scattered beam 
lo provide hages and mdterial-identif”crI;ion informatinn. 
There are two types of lene systems disstributed among [he 
12 lines. Four of the lines transmit a lwge field-of-view 
(30 cm) image and rhe remaining eight view a Smaller 
area (12 cm). A diagram of the large sytitcm is shown in 
Pig. 3. The beam matched cb the lens sysiem encounlers 
an “illuminator” section that expands !:he beam to on 
appropriate slze. flrsr vla lnteraotlon wlth a mnterlal 
diffuw that removes nonlineadties iinduced by rhe 
urnsport splitters und then by a lens cc:afigurN.lon that 

provides a phase-space comelation which miniminx 
sysbm chrornatk aberrations. The remainder of the leila 
consisb of three identical quadruplet modules thgt  
provide B unity tXBPls’formetion with sign change, called n 
-1 lens. The first such unit Y~NBS a8 u monitor of Uis 
noinindly 2-rms beam that will be aansmitted to tlwt 
object. The beam sositteml by the object i s  then imaged at 
two paints by each of the -1 lenses and recorded by fast 
detwtors, e.g., u scintillatodcaxnera arrangement, fl113 
resolution achieved cm be as low as a fracriao of :$ 
millimeter, limited by chrornaciic a b m ~ u o n s  and efffeots 111 
conUinment windows. A second-order-achromst 
configuration with thlird-order correction i s  under study .Lis 
is a correoted magnifier system. 
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Figure 3: Schematic of the large-bore lam system. 

The -I lens, cansinting of identical quadrupole 1ensl:is 
with alternating signs, has the useful property of haviiIg 
m “angular focus” at its midpoint. That is, tla, 
unscatwred beam is them focused to w small s i l a  
determined by the be:am emittance arid akrtations. In die 
presence of object scattering, the position of a ray at this 
point i s  proportianal to the scattering angle. Inserrion of 11 
positive or negative collimator change.$ the irnaj;r: 
contrast. accentuating the image of low- or high-meIrS 
soanerers, respwtivdy. Marhemaricat malysis d tl IO 
images thereby allows sepiwate determination of tlic: 
ntomk number and thichcss, allowing for material 
identification, 

Supercanducting inagnets are under development wi :I1 
bore dimecers of 9” nnd 19” and with grwditlntrr of 18 4 
and 10.4 T/m for the small and large bore lenses, 
respectively. Normal-conducting lens nyshmn n Y?: 
possible, but with decreased chromatic psrformmc c, 
longer line lengths. high peak pnwer (-SO Nw), arid 
deareased versatility. Hencfi the lens systems will 1115 
superconducting. 
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